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It is a great pleasure to contribute to this Festschrift in honour of Dr. Keki H. Gharda. He is a pioneer who 
innovated in process industries. India’s current global position in agrochemicals and generic drugs owes a 
lot to technocrats like him who used innovative process routes to produce high quality specialty 
chemicals. I am fascinated by him since I first met him in 1994 while researching fora cover story 
in Business India titled “India’s Technology Leaders” [1]. 

Today, India has achieved an undisputable leading position in the global software services. Most outsiders 
think that this has been primarily achieved due to labour arbitrage or availability of low cost computer 
programmers in India as compared to the US and Europe. However, that is only one of the contributing 
factors. The primary factor has not been noticed yet by many business historians. In fact, software 
development used to be an essentially artisan like activity about four decades ago. This paper argues that 
innovative industrialisation of such an individualistic activity to large-scale industrial activity by Indian 
firms has led to the current pole position of India in the field. To illustrate this thesis, the author will use 
the example and experience of Tata Consultancy Services (TCS) because he is fa milia r with it and also 
because being the oldest Indian software company it has also been an innovative pioneer. 

Snake Charmers and Software 

In 1968, when TCS came into being, there was no Microsoft, Apple, SAP, Oracle, Sun Microsystems, 

Dell and many others. Hewlett Packard (HP) was known for its oscilloscopes, signal generators, handheld 
calculators and not computers. EDS and Cap Gemini had just come into being as data processing 
companies. 

Clearly, it was an audacious startup from India. 

TCS had a couple of IBM machines of 1401 vintage and an ICL machine as well They were providing 
bureau services, better known today as business process outsourcing (BPO), services for Indian telephone 
companies, power utilities, universities and so on. At the same time TCS also started scouting around for 
any work it could get abroad. 

In those days India had gone through a severe financial crisis, the Rupee had been devalued by 57.5%. 

The US Dollars required for importing large and expensive mainframe computers were definitely in short 
supply. Besides, there was also a perception amongst the public and the politicians that computers would 
take away jobs and, hence, were best avoided. However, TCS leadership was convinced that computers 
could play a major role in not only making Indian businesses and banks more efficient but also in helping 
much of Indian society leap frog from the 19th to the 21st century. Surely, many people thought that the 
dream was incredible, but they kept chipping at the walls relentlessly. How TCS has been able to 
contribute to nation building in India through these efforts is a story to be told another time. 


Collaborate and Flourish 


In the mid-1970s, TCS decided that it would be good to get into an alliance with a computer maker. The 
one they chose was Burroughs Corp. Though Burroughs was not the biggest name in computer industry 
their technology was impressive. The deal was that TCS would sell Burroughs computers in India and 
support them. This helped TCS engineers gain first hand expertise in operating their systems and 
troubleshooting. TCS also bought a system for their computer centre to provide Burroughs based services 
to their clients. Burroughs soon realised that they had hit a gold min e of engineering talent and started 
outsourcing software work to TCS. Burroughs’ clients in Europe, US etc., who were switching their 
systems from some other manufacturer to Burroughs, would need their already running software to run on 
the new Burroughs machines. In those days each machine had its own dialect of COBOL and, hence, 
unless one carefully mapped the old programs onto the new Burroughs -understandable instructions, they 
would not work. TCS executed some interesting and challenging migration assignments in this mold. 

TCS set up a strong Systems Group, which took the lead in assimilating technology as well as developing 
new ones. This Group came up with a tool called Data Dictionary, which helped automate software 
migration considerably. Burroughs was impressed. It tried its best to convince the Tata Group for a 
buyout, but the latter decided against selling out TCS and instead agreed to form a new joint venture, Tata 
Burroughs Limited. Interestingly, IBM, which was a competitor of Burroughs, was also impressed with 
TCS tools. TCS continued to execute migration and development work for Burroughs and at the same 
time look for other clients. Later, TCS decided to invest in IBM’s technology and started the most 
sophisticated IBM based computing centre in Asia of that time at Chennai. It was risky and expensive, 
moreover TCS had to convince the Department of Commerce, US Ad minis tration in Washington, D.C. 
that it was not going to use IBM computers to develop nuclear bombs, but in fact help US businesses 
become more efficient! 

Henry Ford and Toyota 

An important achievement of TCS has been the successful industrialisation and globalisation of software 
services. It has many si mil arities and a few dissi mila rities with what Henry Ford and Toyota did to 
manufacturing. This has enabled TCS to execute large projects successfully. Year after year TCS has 
been delivering software solutions in targeted time and budget with a great amount of certainty. 

TCS did not have a model to follow, it had to invent one. Forty years ago computer programming was 
practiced by a few exceptional individuals. Each programmer had her/his own way of doing things, many 
of them br illia nt but hardly replicable. It was difficult to debug or improve a program written by someone 
else. Naturally, it was almost never a product of teamwork. Obviously, it could not be scaled up. The 
situation was very si mil ar to that faced by the auto industry when Henry Ford and his peers were 
developing quadricycles in their workshops in the 1890s. These workshops could not scale up and serve a 
mass market. That is why Ford’s assembly line, forModel-T, was pioneering and revolutionary in 1913. 

It was a product of meticulous planning and hard work in the background and it changed manufacturing 
forever [2]. 

Today TCS has achieved the depth and breadth to follow the same processes and achieve the same high 
quality and deliver them from any of our centres, be they in Hangzhou, Budapest, Sao Paolo, New Jersey, 
Toronto, Tokyo, Melbourne or in different parts of India. In Clayton Christensen’s terminology it would 
no doubt qualify as a “disruptive business model” [3]. 

Innovation Engine 

Like any grand narrative it would be presumptuous to say that four decades ago TCS saw clearly its goal 
of industrialising software services, then charted the strategy, the path and, eventually, planned and 



executed to reach where it stands today. Like all big things, TCS started small with powerful ideas Eke 
Data Dictionary, a migration tool. TCS was involved in the software engineering standards and quaEty 
movement with IEEE from the very beginning. It also had to setup appropriate training of recruits, when 
there were hardly any cofleges teaching computer science Ei India. TCS had to develop and set up 
processes to test and debug software. 

In the late 1980s, TCS executed a large challenging project to setup the clearing and settlement system 
for banks in Switzerland. It was won against competition from estabEshed companies, purely on the basis 
of TCS’s innovative design. The project helped TCS “push the envelope” in all directions and also helped 
hone its software design and architecture skills as weE as develop a core group of software architects. 

TCS also developed the systems required to integrate its cEent site work with the work done by teams of 
developers in India, known as ‘off-shoring’ and soon. 

In 1981, TCS set up its R&D centre, Tata Research Design and Development Centre (TRDDC)in Pune 
[4], A strong group in software engEieering took shape at TRDDC in the mid-1980s. The group started 
articulating and evangeEsing concepts of software engmeeruig, some of which were already Ei practice 
withEi TCS. This group was able to develop a highly successful suite of Computer Assisted Software 
Engineering (CASE) tools and carried forward the work Eiitiated by TCS Systems Group Ei a methodical 
way. At another level, TCS also EiternaHy evangeEsed the System EngEieering approach to software 
problems. 

The agenda now involved identifyEig reusable components, knowledge repositories, creatEig a software 
tool foundry, developEig highly sophisticated reverse engEieering tools for software maEitenance. The 
jigsaw pieces of EidustriaEsation of software development started faflEig Eito place. One of the 
byproducts of this industriaEsing process was the development of the highly acclaEned MasterCraft™ - a 
suite for automatic code generation once the busEiess logic is fed Eito it [4]. 

Setting Standards 

On the front of standards TCS Eitensified its earEer work with IEEE and brought in SEI’s CMM 
phEosophy Eito the organisation quickly. TCS is the world’s first organisation to achieve an enterprise- 
wide Maturity Level 5 on CMMI® and P-CMM® based on the most rigorous assessment methodology. 

TCS has now combEied its own vast store of home-grown processes with the best aspects of global 
standards, such as the SCMM, the PCMM, Six Sigma, ISO 9001 and the Tata BusEiess ExceEence 
Model, to develop its own proprietary quaEty model, the Integrated QuaEty Management System 
(iQMS™). TCS hopes that this archetype wEl soon become an Eidustry standard. 

The iQMS™ is central to project management at TCS; it comprises a major chunk of its DNA. This 
system provides guide Enes for the conduct of every project and the means for monitoring it. Together 
with the various software development methodologies laid out by TCS’s software engEieering process 
groups, iQMS™ lays out a comprehensive roadmap for each project. TCS has ensured that aE its 
development centres, be they Ei China, Hungary, ChEe, BrazE, Uruguay, US, Canada, UK, SEigapore, 
India, AustraEa, Japan etc., foEow the same processes and achieve the same high quaEty. 

Learning from Manufacturing 

TCS could not have setup the software equivalent of Henry Ford’s assembly Ene, if it did not buEd an 
efficient supply chaEi. In the 1960s and 1970s TCS started working Ei close collaboration with the newly 
set up Indian Institute of Technology (IIT) at Kanpur, Bombay and Madras and later expanded the 
company’s academic Eiteraction to over 200 engEieering coEeges in India and several universities abroad. 



Today, TCS’s Academic Interaction Programme covers a whole spectrum of activities from faculty 
development; curriculum development in some colleges; scholarship and financial aid to deserving 
graduate programmes as well as sponsored research and collaborative development of Intellectual 
Property. 

In India, this programme has contributed to raising the standards of computer science and software 
engineering education. As a result, TCS could recruit over 100,000 high quality engineers in the last four 
years and move them through its strong internal training programme that covers everything from software 
engineering to soft skills. The spade work and internal systems have helped to absorb this large human 
resource into the organisation quickly and deploy them into large projects. 

To make TCS operations more efficient it setup a system meant for a global services company, very 
si mila r in concept to ERP in manufacturing. This system covers ‘everything’ - project billing, employee 
services, leave, pay roll and other HR services, internal communication, branding, o nlin e appraisal 
processes, knowledge management etc. Youngsters in TCS (incidentally, the average age in TCS is 26 
yrs) thought that such an ultimate tool should be named Ultimatix, a la Rene Goscinny and Albert 
Uderzo. 

Truly Global Networked Delivery 

In global manufacturing, it is well recognised that Toyota has taken the assembly line revolution of Henry 
Ford to the next level by introducing distributed manufacturing, Just in Time manufacturing, Single 
Minute Exchange of Dies (SMED) etc., which collectively have come to be known as the Toyota Model 
[5], 

Similarly, TCS had to take its software factory approach to the next level. As its client list and diversity 
grew across continents, the company could not remain an India -based software developer serving global 
clients. About a decade ago TCS realised that it needed to further globalise its software development 
system, which became possible due to the global telecom revolution. The solutions and products offered 
by TCS are in bits and bytes and not in steel or aluminum. Hence, in some ways, TCS could venture into 
uncharted territory where a brick and mortar manufacturer like Toyota could not physically go. 

Initially, TCS created the hub-and-spoke system in global delivery where India was the huband other 
centres were feeders. Today, however, TCS has gone further ahead to an entirely new system where any 
of its major global development centres could act as a hub or an anchor for a global collaborative effort. 
This leads to reduction of time zone issues for clients; facilitates services in a variety of languages and 
cultures; allows real time collaboration and parallel development with teams sitting in distributed 
development centres and soon. It also brings out optimum utilisation of in-house expert resources. TCS 
clients also enjoy de-risking greatly from putting all the eggs into the basket of one centre. Incidentally, 
TCS already has over 10,000 non-Indian employees. 

The TCS Global Network Delivery Model™ is the business equivalent of what Paul Baran proposed in 
his work entitled Introduction to Distributed Communications Networks for Rand Corporation, in 1964. It 
later became the conceptual framework for packet switched networks with no single centre, and no single 
path, like Arpanet and, ultimately, the Internet [6]. 

The pioneering conceptual and systemic work done by TCS percolated to other Indian IT companies in 
the last 10-15 years and to and behold, India now has a vibrant, highly competitive, and high quality 
software services industry! The author has been asked many times about an order of magnitude difference 
in size between software companies in India and China. Even IBM, Accenture and HP have very large 
development centres in India with tens of thousands of Indian engineers. Are the engineering human 



resources in China any less in quantity than in India? The answer, as we all know, is no. However, 
Chinese software companies lack scale and the largest among them have less than 5,000 engineers. The 
reason is simple: they have yet to master the industrialisation of software development. 

Many observers have pointed out the role played by English education, mathematical and analytical 
abilities among Indian students, propensity of Indian youth towards science and engineering as careers, 
labour arbitrage etc., as the determining factors in the rise of Indian IT industry. No doubt all these factors 
have played a role. 

However, all such deter min istic analysis ‘forgets’ the human factor of leadership. It is similar to saying 
that if a country has steel, gasoline and machinists then they will have a vibrant auto industry! Without 
the genius and hard work of Henry Ford and Toyota, the global auto industry could not have reached the 
scale and sophistication that it has today. Similarly, without the development and adoption of software 
engineering methodology in TCS and other Indian companies, global software services would not be a 
vibrant large scale industry that it is today. 
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